Iron-histidine stretching Raman line and enzymic activities of bovine and bacterial cytochrome c oxidases.
Resonance Raman spectra of the reduced form of cytochrome c oxidase isolated from bovine heart and the thermophilic bacterium PS3 were investigated in relation to their H+-pumping- and cytochrome-c-oxidizing activities, which were varied by incubating the enzyme at raised temperatures or at alkaline pH at room temperature. For both the bovine and PS3 enzymes, the intensity of the iron-histidine stretching Raman line of the ferrous a3 heme (214 cm-1) exhibited an incubation-temperature-dependent change, which fell between the similar curves of the H+-pumping and cytochrome-c-oxidizing activities. The intensities of the formyl CH=O stretching Raman line of the ferrous a3 heme (1665 cm-1) as well as of other lines were insensitive to the heat treatment. The iron-histidine stretching Raman line of both enzymes showed pH-dependent intensity change which was nearly parallel with the pH dependence of cytochrome-c-oxidizing activity. Therefore, deprotonation affecting the 214 cm-1 Raman line is responsible for the decrease of activity. This limited alkaline treatment to the PS3 enzyme was reversible and the recovered enzyme exhibited Raman intensities and enzymic activities similar to the native one. However, the neutralized, bovine enzyme with a similar intensity of the 214 cm-1 line showed increased cytochrome-c-oxidizing activity and null H+-pumping activity.